Background: Worldwide population aging has been considered one of the most important demographic phenomena, and is frequently referred as a determinant of health costs and expenditures. These costs are an effect either of the aging process itself (social) or because of the increase that comes with older age (individual).
Background
Recently, worldwide population aging has been considered one of the most important demographic phenomena. It is the product of clear decreases in birth and mortality rates and an increase in life expectancy, which is reflected in the socio-economical progress of countries [1] . The worldwide population aged 60 years and older will surpass from approximately 770 million in 2010 to an estimated one billion in 2020, and 20.0% of these people will be concentrated in developing countries [2] . It is particularly important the increase of the oldest old (people older than 80 years old) and the relatively higher percentage of elderly women, these two phenomenon will be present in almost every country and represent an important economic and social effect [3] .
In Mexico, the proportion of elderly population presents the fastest growing in the past 15 years. In accordance with the projections of the National Population Council [4] , the current total is 9.4 million people, which represents 8.6% of the total population, and it will increase at an annual rate of 3.9%. The existent demographic projections also indicate that this process will become more evident in the first decades of this century. The contraction of the population pyramid will become more apparent not only in relative but also in absolute terms: the inertia of the fast increase in the past will become manifest, first in the total number of people in productive age (15-59 years old) and later in the number of people in old age (60 years and over). Adults who are 25 to 59 years old currently represents a total of 48.2 million, and they will continue to increase in numbers until the fourth decade of the present century, when it will reach a maximum of 56.9 million. The amount of elderly people who are 60 years and over will increase even more in the first half of the 21 st century [5] . The population in productive age will increase almost 32.0% between 2000 and 2020, only 1.8% until 2035; and there will be a decrease of 6.8% in 2050. On the other hand, the proportion 60 years and over of the total it's growing: this subset of the population will increase from 7.6% in 2005 to 12.1% in 2020, 20 .0% in 2035 and 27.7% in 2050. Moreover, the total population will increase in 17.9 million between 2005 to the end of 2050, meanwhile the elderly population will increase in 21.6 million (90.0%) in the same period [6] .
The aging process will have important consequences in terms of health. Although it is already known that aging is not necessarily associated with diseases, the cumulative effect of multiple exposures and psychological, physical and social conditions, that are frequently unfavorable, increase the risk of health problems in the elderly [7] .
For that reason, the aging process is recurrently referred to as a determinant for the evolution of health costs and expenditures, these costs are either an effect of the aging process itself or a result of the increase that comes with older age. Obviously, if we analyze costs on the individual level, the health costs increase as a function of age [8, 9] . Therefore, it may be suggested that the increase in the elderly population will automatically result in an increase in total health costs. However, there is a controversy about this, Mc Grail et al [10] affirmed that the costs for acute care increased with age, but the proximity to death was the important factor. Dormont and Huber [11] reported that in Netherlands, the changes in clinical practice and the new technologies were the causes of the increase in costs. Polder et al [12] revealed that the average cost for younger people are higher than for those who died at advanced ages; however, the growth rate for the per capita costs increase with age, especially when acute care is needed [8] .
In developing countries like Mexico, there is no information to confirm or deny this association. It is known that the Mexican elderly have a higher number of health needs, and the utilization rates for health services have increased in people who are 60 years and over [13] , but it is not possible to affirm that the costs have increased due to the increase in the number of elderly people.
Therefore, this work aims to analyze this problem further through three dimensions: acute morbidity, ambulatory services use and hospitalization. We will examine the household expenditures associated with these three dimensions according to family structure, living arrangements and age groups. The goal is to verify the assumption that the elderly population uses more intense and frequently the health services than other age groups, because they are significantly more likely to experience health problems, and to asses if the annual average expenditure for hospitalization among the elderly is the highest.
Methods
A secondary analysis of public access database [14] related to the Mexican National Health and Nutrition Survey (ENSANUT), 2006 was performed. The survey includes information related to the health and nutrition of the Mexican population, as well as, the evolution of the quality and response of health services, the healthrelated policies and programs that affect population and the healthcare expenditures shouldered by Mexican households. The population included in the ENSANUT 2006 was 48,600 households selected in accordance to a probabilistic, multistage and stratified sampling by conglomerates, with representativeness reflective on the national, regional and state levels [14, 15] . For each of the basic geo-statistics areas (AGEB) defined by the National Institute of Statistics and Geography ("Instituto Nacional de Estadística y Geografía") (INEGI), households were selected as blocks of houses with proportional probabilities in its number of houses according to a systematic sampling at random. In each household and when the composition allowed, simple random sampling was used to select an adult (19 years and over), a teenager (10-19 years old), a child (0 to 9 years old) and a health care services user (household members who looked for or received care within the six months prior to the date of the survey for either a disease, lesion, accident, prevention or rehabilitation). The local eligible individuals were survey-adjusted to the correspondent questionnaire (Individual User, Individual Children, Teenagers or Adults), additionally to the household characteristics questionnaire; this resulted in a sampling size of 206,700 records that represented 103,013,985 inhabitants in Mexico in 2006. The household questionnaire was answered by a key informant, presumably the person that better known the household members, and could respond accurately about their characteristics and conditions.
For the purpose of the present analysis, the following variables were considered: a) acute morbidity, defined as a health problem reported from the beginning within 15 days prior to the survey, such as infection of the respiratory tract, acute diarrhea, cephalalgia, allergies and urinary tract infection; b) seeking and granting ambulatory care during the last month; and c) hospitalization during the last year. For hospitalization expenditures, we only included those households with one hospitalized person, in such a way the reported expenditures could be imputed to that person and identify the age group to which they belong.
The following explanatory variables were considered: age, analyzed in four age groups: children between 0 to 9 years old, teenagers between 10 to 19 years old, adults between 20 to 59 years old and adults 60 years and over; gender; insurance, defined as the right of the individual and families to have social security, which includes healthcare among other economical and social benefits; disability, defined as the reported difficulty of an individual to move, walk or move arms, the loss of visual, audio or language acuteness, and/or the presence of mental disability; presence of a chronic disease: hypertension, diabetes, myocardial infarction, kidney disease, stroke and cancer; self report health status which was defined on a scale of six options from very good to very bad; the total number of persons in the household; type of household, which was divided into three categories: "only elderly," "elderly with other people" and "without elderly"; and the locality size of residence, divided into three categories: "metro area", "urban surroundings" and "rural". For hospitalization, we also considered information regarding to hospitalization expenditures, the total amount of money paid by the household members for hospitalization during the last year; however, these spending did not include other costs such as transportation, food and indirect costs.
Data Analysis
In the first stage, a descriptive analysis was performed for all records (n = 206,700). This analysis established the proportions of the acute morbidity, ambulatory care and hospitalization variables by sex, age group, living arrangements, health insurance, self-report health condition, disability, chronic diseases and household size. Statistical significance was examined using t and χ 2 tests as appropriate. If differences remain significant after controlling for demographic and health characteristics, further analysis of the data was conducted. Three logistic regression models were perform to: a) determine whether the relation between acute morbidity, ambulatory care, hospitalization and age were maintained; for these models, 205,138 records were used; b) establish the determinants of hospitalization among the population 60 years and over; 7,618 records were used; and finally, c) determine whether the hospitalization costs varied by age. For this analysis, we included households that had only one person hospitalized in the last year and that had complete information on hospitalization expenditures; therefore, 4,910 records were used.
Results
A total of 206,700 individuals were included using the population sampling method and were in accordance with the factors of expansion of the ENSANUT 2006; they were representative of the 103,013,985 individuals in all Mexico. We found that 19.7% of the individuals were under 10 years old (50.9% males and 49.1% females), 22.2% were between 10 and 19 years old (50.5% males and 49.5% females), 48.3% were between 20 and 59 years old (46.1% males and 53.9% females) and 9.8% were 60 years and older (45.9% males and 54.1% females).
Regarding to have health insurance, the elderly presented the higher percentage with 59.2%, whereas those under 10 years old had the lowest percentage with 43.2%. In households with at least one individual under 10 years old, the average household size was 5.8 individuals; households with at least one elderly person had the lowest average household size with 3.9 individuals. This percentage was related to the fact that 7.2% of those above 60 years old live alone, whereas around 1.0% of those in other age groups live alone. When asked, "How do you consider your current health status?" the key informant answer that 1.4% of individuals under 10 years old, 1.3% of the teenagers, 3.8% of the adults and 13.5% of the elderly considered bad or very bad their health condition (Table 1) . Table 2 shows the percentages of acute morbidity, ambulatory care and hospitalization according to the characteristics of the sampled population for the study.
In the three dimensions analyzed, the elderly presents a higher percentage than any other population age groups. We found that 18.7% of the elderly reported a health problem within the last two weeks, whereas 14.9% of those under 10 years old, 11.7% of those between 20 and 59 years old and 7.8% of teenagers reported a health problem in the same period. With regard to ambulatory care, 15.9% of the elderly sought or received ambulatory care during the last two weeks, while 11.6% of children, 7.8% of adults and 5.0% of the teenagers also did so. For hospitalization, the results show that 6.8% of the elderly spent at least one night hospitalized in the last year, whereas the percentages for adults, children and teenagers were 4.3%, 2.0%, and 1.5%, respectively (Table 2) .
Women presented a higher percentage of acute morbidity and hospitalization, while men reported the highest percentage of ambulatory care. Those individuals with health insurance had the highest percentage of the population with health problems, ambulatory care and hospitalization compared with uninsured individuals.
In comparison with those who reported very good, good or regular health status, those who reported a bad health status constituted a higher percentage of population in the three dimensions examined, and the differences between these two groups were wide. Similarly, those with disability or chronic disease also constituted the highest percentage in the three dimensions examined. When we analyzed living arrangements, households with only elderly persons had higher percentages for acute morbidity (21.6%), ambulatory care (17.6%) and hospitalization (6.3%) compared with the extended or complex households (households with elderly and other members or households without elderly). With regard to the locality size, the larger the size the higher the percentage of the population that reported a health problem, needed ambulatory care and were hospitalized ( Table 2 ). The bivariate analysis between the acute morbidity, ambulatory care and hospitalization variables established that there were statistically significant differences between the dependent variables and the variables gender, age group, living arrangements, health insurance, self reported health status, disability, chronic diseases and locality size (p < 0.05) ( Table 2) .
For hospitalization expenditures averages during the last year in Mexican households, we found that the average expenditure was $3,044 pesos (240.6 am dollars) In August 2010, the exchange rate was 12.65 Mexican pesos per 1 U.S. dollar. By gender, the expenditure was higher for men $3,741 pesos (295.7 am dollars); in those who were 60 years and older, the expenditure was $3,907 pesos (308.9 am dollars), the highest expenditure among the considered age groups; by household type, those with older persons and another individual living with them and that had at least one individual hospitalized, the annual average expenditure was $3,704 pesos (292.8 am dollars); those who did not have social health insurance spent $4,261 pesos (336.8 am dollars), almost twice the money spent by those with health insurance. For those who self reported bad health status, those who had disabilities or those who had been diagnosed with chronic diseases, the average hospitalization expenditures were $3,570 (282.2 am dollars), 3,208 (253.6 am dollars) and 3,371 pesos (266.5 am dollars), respectively (data not shown).
Multivariate Analysis
Among the general population (205,138 records), the results of the regression models suggested that after controlling for demographic and health variables, the elderly presented a higher probability of being hospitalized than children between 0 to 9 years old, with an odds ratio of 2.53 (CI 95%, 2.24-2.86). The risks for acute morbidity and ambulatory care were lower for the elderly than for the children, with odds ratios of 0.81 (CI 95%, 0.75-0.87) and 0.87 (CI 95%, 0.81-0.94), respectively. The results reported in the bivariate analysis do not match with those obtained with the regressions. Where there is at least one... the household size is... 192 Among women, population with health insurance, those who considered their health status to be bad or very bad, those who had at least one chronic disease and those who had some type of disability, the probability of hospitalization, acute morbidity or requiring ambulatory care is higher than for those in the reference category. According to household structure, households with only elderly people had the lower probability in each three dimensions, and the reference category was households without elderly people. Living in an urban area increased the probability of hospitalization, seeking ambulatory care, and having health problems (Table 3) .
Household size
In regard to hospitalization expenditures, results from regression models suggest that among hospitalized population (4,910 records), individuals 60 years and older spent on average $2,115 pesos (167.2 am dollars) (CI 95%, 768.22-3461.17) more than the reference group (children from 0 to 9 years), and individuals between 20 to 59 years old spent on average $921 pesos (72.8 am dollars) (CI 95%, 9.86-1831.61) more, and those between 10 to 19 years old spent on average $462 pesos (36.5 am dollars) (statistically not significant) (CI 95%, -710.68-1634.49) more than the reference group. The participants who had health insurance on average spent $2,500 pesos (197.6 am dollars) less than those who did not have insurance. Household structure had no significant effect on hospitalization expenditures even though the households in which there were older adults living with individuals of another age group had a higher hospitalization cost (Table 4) .
Results suggested that population 60 years and over spent more money for hospitalizations; therefore, we analyzed this age group with variables that had an effect on being hospitalized during the last year (7,618 records). Older age, being male or living in a city or in a metro area implied a higher probability of hospitalization during the last year. Among the chronic diseases, those with cancer has the higher probability of been hospitalized (OR 2.95, CI 95% 1.71-5.09), followed by those with Myocardial Infarction (OR = 2.47, CI 95% 1.95-3.14) and those with stroke (OR = 2.13, CI 95% 1.27-3.58). The probability of being hospitalized due to an accident was 1.5 times higher than for those who did not have an accident (Table 5) .
Finally, Figure 1 shows the probability of being hospitalized and the household hospitalization expenditures by single age. Higher age is associated with higher probability of hospitalization, the probability of being hospitalized are less than 2.0% for those between 0 to 4 years old and approximately 10.0% for those between 95 to 99 years old. The hospitalization expenditures were higher for those in older age; the minimum expenditure per household was approximately $2,400 (189.7 am dollars) and the maximum $4,700 pesos (371.5 am dollars).
Discussion
This report analyzed secondary data from the ENSA-NUT 2006 to explore differences by age group. Our main findings suggest that the population 60 years and older reported a higher percentage of acute morbidity, Our analysis of the data from ENSANUT, 2006. 1 In the last weeks, have you had any type of health problem? 2 In the last weeks, have you sought or received ambulatory care? 3 During the last year, has someone from this household been hospitalized? The Chi-square and t-tests were used to review whether there were significant differences in the means or percentages of the variables based on each case. All were significant at 95%.
sought or received ambulatory care and hospitalization. This research was base on the premise that the needs and costs of medical care are different by age group. The study highlighted that, as part of demographic dynamics, there will be a progressive and accelerated population aging process as well as a reconfiguration of the age structure. Therefore, it is necessary to study further the health needs, the expenditures and determinants of hospitalization among Mexican household members. Elsewhere, there has been an increasing interest in elucidating whether the aging process represents a burden to health care services. Berenstein CK and Wajnman S [16] analyzed the health care costs in two cities of Brazil, they report that only 13% of health costs may be allocated to changes in the age structure, and a great proportion (72%) was due to price effects. A recent article of Werblow et al. [17] analyzed whether there were biases of interpretation due to the aging effect in health care costs; they used data from 91,327 people from Zurich and Geneva and concluded that at an aggregated level, age had an insignificant effect on individual healthcare costs but, healthcare costs were closely related to the proximity of death.
Changes that are present with Mexican population aging forces an analysis of the probable consequences that these changes could represent for the society and for the health system. In Mexico, there are currently 5.8 million people over 60 years old, and by 2050 it is expected that the population increases to 25.9 million, which means quadrupling the aged population in less than fifty years [4] . There are limited analyses on what this increase will represent in terms of needs and requirements, this research aimed simultaneously to fill that gap and to inform about the challenges that the increase in the elderly population will bring. The current estimates for health care needs, the incurred household's expenditures and the factors intervening in the hospitalization represent an advance and a platform for future research.
The results from descriptive data: higher percent of elderly population with acute morbidity, sought and received ambulatory care and higher hospitalization, were not in compliance with the regression models and were opposite to the expected results. To verify these findings, we developed regression models that included age groups as the only explanatory variable, and the results suggested the same result found in the bivariate analysis: higher acute morbidity, higher ambulatory care and higher hospitalization occurred among the elderly than among children and the other age groups. However, once the rest of the explanatory variables were included, the age effect changed for acute morbidity and ambulatory care of the elderly. Therefore, regression coefficients indicated that the age of the elderly group by itself was not a factor in presenting health problems in these two dimensions. The presence of other factors associated with aging, such as chronic diseases, play a key role, leading us to conclude that the conditions associated with age have more weight than age itself; therefore, they are responsible for the higher costs reported [18] . Then it is possible that, as described by Polder et al. [8] technological and epidemiological changes are the responsible factors for the increases in costs. Obviously, the reported data only include a very limited vision of what the health needs are in the long term, and other aspects of medical practice were not considered in the present analysis and further research is needed [19] . Likewise, the living arrangements did not have the expected direction in analysis. The households without elderly members had higher probabilities in the three dimensions analyzed. Possibly part of the effect was captured with the age groups and locality size. Also, the considered health problems were diverse: the hospitalization dimension included obstetric procedures such as delivery and cesareans. When we made a revision of the hospitalization causes, in 89.4% of households with only elderly members the hospitalization cause was surgery or disease, this percentage decreased to 57.8% in the households without elderly. It is probable that in the households without elderly members the higher probabilities in the three dimensions were related to acute health, obstetric and child health problems. In addition, it is possible to assume that the elderly living alone are in better condition than those who live with other people. In fact, when comparing those who live alone with those who live with other people, we found that the first group presented lower percentages of hospitalization and lower rates of disability and chronic diseases, among other conditions. In fact, several authors have suggested the association between living arrangements and health. Among the elderly, the decision to live alone is preceded with a good health condition [20] . Montes de Oca and Hebrero [21] with data from the Mexican Health and Aging Study (MHAS) found that individuals with a better health condition were more likely to live alone, maybe because their condition allowed them to have an independent and autonomous life. Also, it has been documented that among the elderly, there is a preference for living alone or with their spouses when health conditions allowed [22] .
Data regarding to health insurance shows that population with health insurance had more health problems, needs more ambulatory care and hospitalization compared with uninsured individuals. These differences probably are explained by the access to health care services. Those who had health insurance have the opportunity of being diagnosed, treated and hospitalized. It is worth to mention that the Mexican public health system is characterized by the presence of several vertically integrate insurer/providers serving different parts of the population with little connection between them. Social security institutions covers salaried workers in the formal sector and the Ministry of Health that also provides health services covers around 40% of population uninsured by social security. Private insurance sector remains small [23] It is necessary to admit that the study had some limitations; this was a secondary analysis of the ENSANUT 2006, we are limited in the detailed analyses that we can perform, the needs of health care and hospitalization causes were very diverse among the age groups, which makes the comparison difficult. Also, it was not possible to integrate other important causes for the elderly population, for example, the ones related to geriatric syndromes in which falls represent one of the main causes for health care needs, high costs and hospitalization; as well as adverse events caused by pharmacological interactions.
The National survey reported here (ENSANUT 2006) is probabilistic; however, we have to admit that likely a "recall period" bias, defined as the period over which respondents are required to remember past events, may be present. In addition, the selective recall in the hospitalization expenditures can lead to remember more accurately some events, especially those for children or adults where the expenditures can increase within the previous year to the interview [24] .
Although ENSANUT is representative by State, analysis by region, particularly the borders are not possible. Particularities of these areas such as the constant flux of persons between countries and the specific socioeconomic characteristics should be addressed in further research as an opportunity to understand and reveal some issues about health dynamics, for example: cost, quality, and/or accessibility.
Until now, there have been a lack of studies of this type in Mexico, we have begun to uncover the interaction between aging process and health, and these results show an approximation of these health needs. Our study contributes to the comparability of information among countries with the same demographic dynamics, but also with developed countries. Our research can be a reference for future research especially in the LatinAmerican and in countries with accelerated aging process. Health care expenditures and their determinants have attracted considerable attention and have been used widely to compare countries. The most direct link between population aging and national health expenditure is due to the fact that per-capita health spending increases with age. The estimated ratio of health spending by age groups, and specifically within the elderly, it's an important issue, since the increase in health expenditures along with the increase in proportion of population aging is observed in almost all countries.
Conclusions
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